Leionella pneumophila is a facultative intracellular pathogen that parasitizes host mononuclear phagocytes. Cell-mediated which it is replicating and producing immunoprotective T-cell antigens. This suggests that L. pneumophila does not reside in a typical endosomal compartment in the host cell and that L. pneumophila antigens may encounter MHC molecules at extraphagosomal sites within the host cell.
H molecules on L. pneumophila phagosomes. Flow cytometry analysis demonstrated that L. pneumophila infection has little effect on the overall expression of HLA-DR by monocytes. Cryosection immunogold studies revealed abundant staining for MHC class I and II molecules on the plasma membrane of infected monocytes but little or no staining on the membranes of mature L. pneumophila phagosomes. Cryosection immunogold studies of an avirulent mutant of L. pneumophila that, unlike the wild type, does not inhibit phagosomelysosome fusion and subsequently survives but does not multiply in a phagolysosome yielded similar results. We have previously found that MHC class I and H molecules are excluded from nascent phagosomes during coiling and conventional phagocytosis. The present work demonstrates that MHC molecules do not accumulate appreciably in the L. pneumophila phagosome as it matures and at a point in the life cycle of the organism in which it is replicating and producing immunoprotective T-cell antigens. This suggests that L. pneumophila does not reside in a typical endosomal compartment in the host cell and that L. pneumophila antigens may encounter MHC molecules at extraphagosomal sites within the host cell.
Legionella pneumophila, the etiologic agent of Legionnaires' disease, is a facultative intracellular pathogen that parasitizes host mononuclear phagocytes (23) . Cell-mediated immunity plays a major role in the host defense against L. pneumophila (5-8, 17, 24, 29, 30) , and humoral immunity plays only a minor role (25, 26) . The host cell in L. pneumophila infection, the mononuclear phagocyte, is an antigen-presenting cell and thus may stimulate a cell-mediated immune response by presenting parasite antigens bound to major histocompatibility complex (MHC) molecules to immune T cells.
The pathway for processing and presentation of intracellular parasite antigens is not understood. Among other issues, the intracellular distribution of MHC molecules in host cells infected by intracellular parasites is not generally known. Antoine et al. (2) group, and they reside and multiply within different intracellular compartments. Thus, whereas Leishmania sp. multiplies within a highly acidified phagolysosome, L. pneumophila multiplies within a mildly acidified phagosome that does not fuse with lysosomes (1, 9, 19, 22) . Whether physiological differences between parasites and their replicative vacuoles influence the distribution of MHC molecules on the vacuoles is not known. The distribution of MHC molecules on mature L. pneumophila phagosomes has not been studied previously. However, in another study on the distribution of monocyte membrane molecules during phagocytosis, we observed that both MHC class I and class II molecules are excluded from nascent phagosomes during ingestion of L. pneumophila, which occurs by coiling phagocytosis (11, 20) . Similarly, MHC class I and II molecules are excluded from nascent Escherichia coli phagosomes during conventional phagocytosis of this organism (11) . Moreover, the concentration of MHC class I and II molecules on L. pneumophila phagosomes decreased further during the immediate postphagocytic period. This prompted us to investigate whether this situation persisted or whether MHC molecules accumulate on the phagosome as it matures, a process which involves the sequential interaction of the phagosome with host cell smooth vesicles, mitochondria, and ribosomes, until the ribosome-lined replicative vacuole is formed (18) .
In this article, we have explored the distribution of MHC ing 50% normal goat serum and 0.1% fish skin gelatin overnight at 4°C, washed with HEPES buffer, and incubated with goat anti-mouse immunoglobulin conjugated to 10 nm colloidal gold for 90 min at room temperature. Sections were washed again with HEPES buffer, postfixed in 4% glutaraldehyde for 5 min, washed in distilled water, and embedded in 2% polyvinyl alcohol containing 0.3% uranyl acetate.
RESULTS
Infection with L. pneumophila does not alter the overall expression of HILA-DR antigens on human monocytes. Infection of host cells by parasites has been reported to have variable effects on MHC expression, depending upon the system being studied (3, 4, 13, 27, 31, 32, 34) . The effect of L. pneumophila infection on MHC expression on isolated mononuclear phagocytes in vitro has not been reported previously. To determine the influence of L. pneumophila infection on the expression of HLA-DR antigens on the monocyte surface, we studied infected and uninfected monocytes by two-color flow cytometry in the presence and absence of IFN--y. As expected, treatment with IFN--y increased HLA-DR expression on both infected and uninfected monocytes. However, infection with L. pneumophila had little effect on HLA-DR expression ( Fig. 1 to 3) , staining of these molecules was absent or markedly reduced on L. pneumophila phagosomes. HLA-DR staining was absent from the majority (69%) of L. pneumophila phagosomes, with staining levels indistinguishable from the background level (Fig. 4) . This paucity of staining was observed both on phagosomes in which the L. pneumophila had multiplied extensively (Fig. 1) and phagosomes with less-extensive bacterial multiplication ( Fig. 2A) . On 20% of L. pneumophila phagosomes, HLA-DR staining was above the background level but still less than 25% of the intensity of the staining on the plasma membrane, and on 11% of phagosomes, HLA-DR staining was greater than or equal to 25% of the intensity of the staining on the plasma membrane ( Fig. 2B and 4) . Overall, HLA-DR staining on the phagosomal membrane was 12% of the intensity of the staining on the plasma membrane (Fig. 5) . Although staining for MHC molecules was rare on L. pneumophila phagosomes, staining for MHC molecules was frequently observed in nonphagosomal cytoplasmic vesicles (Fig. 2B) .
We obtained similar results when we stained for MHC class II invariant chain, with most L. pneumophila phagosomes showing negligible staining and occasional phagosomes showing levels of staining greater than background levels ( Fig. 3A and 5 ). 02-Microglobulin staining was consistently absent from L. pneumophila phagosomes (Fig. 3B, 4 , and 5). Paucity of staining for MHC molecules on L. pneumophila phagolysosomes. Whereas wild-type L. pneumophila resides in a phagosome that does not fuse with lysosomes, avirulent mutant L. pneumophila 25D resides in a phagolysosome. To determine whether the distribution of MHC molecules differs on these two intracellular compartments, we quantitated staining for MHC class I and class II molecules on phagolysosomes containing mutant L. pneumophila. Immunogold staining for both 2-microglobulin and HLA-DR was consistently negligible on phagolysosomes containing L. pneumophila mutant 25D (Fig. 5 and 6 ).
DISCUSSION
We have found that infection with L. pneumophila in vitro does not alter the overall expression of MHC class II molecules by human mononuclear phagocytes. We have also found that MHC molecules are scarce on the L. pneumophila phagosome and do not accumulate on it during phagosome maturation. P2-Microglobulin, a marker for MHC class I molecules, is uniformly absent on mature L. pneumophila phagosomes, and HLA-DR is absent on two-thirds of phagosomes and present at low levels on one-third.
The basal expression of MHC molecules declines as mononuclear phagocytes are cultured in vitro (33) . This decline can be arrested either by the presence of lymphocytes or IFN--y (33) . In vivo, class II MHC expression on rat alveolar macrophages increases after aerosol challenge with L. pneumophila or E. coli (32) phagosome-lysosome fusion. Our finding of minimal HLA-DR immunogold staining in the phagolysosome of the L. pneumophila mutant 25D is consistent with evidence that mature lysosomes contain little or no HLA-DR (15, 16 After synthesis, MHC class II molecules, unlike MHC class I molecules, are routed to vesicles in the cell periphery with characteristics consistent with endosomes (28) . The transferrin receptor is a marker for endosomes and has been found to colocalize with HLA-DR in an endosomal compartment (14) . Consistent with the paucity of staining for MHC molecules in the L. pneumophila phagosome, we have also found no immunogold staining for the transferrin receptor in L. pneumophila phagosomes (unpublished data), suggesting that there is minimal transfer of endosomal membrane proteins to L. pneumophila phagosomes and therefore little accumulation of endosomal membrane proteins in the L. pneumophila phagosome. That MHC molecules are scarce in the L. pneumophila phagosome suggests that the encounter between L. pneumophila T-cell antigens and MHC molecules may take place in an extraphagosomal site within the cell. Alternatively, it is possible that HLA-DR does transit extensively through the L. pneumophila phagosome but is rapidly removed so that it cannot accumulate appreciably in the phagosome. Low levels of phagosomal HLA-DR or rapidly transmitting HLA-DR could be important in the processing and presentation of L. pneumophila antigens.
Our study demonstrates that the L. pneumophila phagosome is fundamentally different from the Leishmania vacuole with respect to the accumulation of MHC class II molecules on the phagosomal membrane. It is tempting to speculate that the Leishmania parasitophorous vacuole fuses extensively with both endosomes and lysosomes, whereas the L. pneumophila phagosome fuses minimally with these organelles. In any case, our study suggests that L. pneumophila does not reside in a typical endosomal compartment in the host cell.
